ABSTRACT Objective: Most pain in patients aged ≥50 years affects multiple sites and yet the predominant mode of presentation is single-site syndromes. The aim of this study was to investigate if pain sites form clusters in this population and if any such clusters are associated with health factors other than pain.
INTRODUCTION
Multisite pain is common in adults aged ≥50 years, [1] [2] [3] with 40% of persons aged ≥65 years reporting pain at ≥2 sites. 4 Despite the common occurrence of multisite pain, the clinical presentation, assessment and treatment of pain has tended to focus on single sites of pain. 5 For example, in a UK consultation database of 12 general practices, 86% of musculoskeletal primary care consultations were for pain at a single body region compared with 8% defined as a generalised/ widespread problem. 6 This may reflect the prioritisation of pain problems by patients and general practitioners, both of whom are aware of the limited time available in a routine primary care consultation. 5 The presence of pain occurring at site(s) additional to the one presented increases the likelihood and severity of disability in people aged ≥50 years. 2 Indeed, the extent of pain has a strong dose-response relationship with mental and physical health outcomes in this age group, including sleep disturbances, 7 falls, 8 lower extremity dysfunction 4 and Strengths and limitations of this study ▪ This was a large population study of community-dwelling adults aged ≥50 years, 48% of whom were aged ≥70 years. ▪ There was a high response to the study (70.6%). ▪ We measured several potential confounders of the relationship between pain clusters and health factors that are common in those with multisite pain and of age ≥50 years. ▪ The data are cross-sectional, so we cannot specify the direction of the associations. ▪ We did not assess physical health outcomes or pain intensity at each pain site.
cognitive complaint. 9 In separate analyses, Leveille et al 8 demonstrated an association between falls and number of pain sites, and falls and location of pain. However, these studies did not account for the possibility that distinct patterns of multisite pain may exist, with respect to the number and location of pain sites taken into account simultaneously, which may be of practical value in the management of pain in people aged 50 years and above. Evidence from an existing study of patterns of multisite pain suggests that patterns may differ in adults aged ≥50 compared with those aged ≤50 years, although the study focus was not the older age group. 10 As adults over 50 years live longer, the impact of multisite pain on individuals and health services is likely to increase. Identification of specific patterns of multisite pain in people aged ≥50 years, which may also be differentially associated with health outcomes, may provide a basis for developing improved clinical assessment and targeted treatment of multisite pain in this age group of primary care patients consulting with apparent single site pain.
The aim of our study was to determine, in persons aged ≥50 years, if pain sites form clearly defined clusters. Secondary analyses tested whether pain clusters were associated with clinically important health factors known to be linked with pain in people aged ≥50 years (sleep, anxiety, depression and cognitive complaint).
METHODS
For purposes of clarity and brevity, we will refer to the study population of persons aged ≥50 years as 'older people' in the rest of this paper.
This study drew on information from the North Staffordshire Osteoarthritis Project (NorStOP). NorStOP was a series of three community-based prospective cohort studies of joint pain and general health in the registered older adult populations of general practices in North Staffordshire, UK. The current study used baseline data, collected between 2002 and 2003, from two cohorts of NorStOP. Details of the NorStOP methods and sample size have been published previously. [11] [12] [13] Older adults were defined as aged ≥50 years for NorStOP, since age-related rates of chronic disease including osteoarthritis start to rise dramatically, and general practitioners' labelling of joint pain starts to reflect the probability that the reason for joint pain is likely to be osteoarthritis, from age 50 upwards.
14 Consent to use the data collected in the questionnaires was implied through the returning of the questionnaires to the research centre. 9 14 Approval for the study was granted by the North Staffordshire Research Ethics Committee (REC reference numbers 1351 and 1430).
Study population
The sampling frame for the current study was all adults aged ≥50 years registered with six general practices (n=20 293; figure 1), which are part of Primary Care Clinical Research Network: West Midlands (http://www. crn.nihr.ac.uk/west-midlands/). In the UK, about 98% of the British population are registered with a general practitioner (GP), 15 regardless of whether they seek treatment or not; hence the registers provide a convenient means of obtaining a representative sample of the general population in a locality. Following a screen by GPs, 79 people were excluded, for example, due to severe psychiatric or terminal illness. A total of 20 214 self-complete questionnaires were mailed with a letter from the general practice and a study information leaflet. The questionnaire included items on pain, demographic factors, health behaviours, psychological factors and morbidities. During mailing, 396 people were excluded (deaths, departures from the practices and addressees unknown) giving an eligible study population of 19 818. To maximise response to the survey, reminders were sent to non-responders 2 and 4 weeks after the initial questionnaire.
Study questionnaire

Pain ascertainment
Participants were asked if, in the past 4 weeks, they had had pain that had lasted for 1 day or longer in any part of their body. Those answering positively to this question were asked to shade the site of their pain(s) on a blank body manikin with front and back views. For all questionnaires returned, completed manikins were scored using a transparent template which was placed over each completed manikin and the number of painful sites for each participant was recorded. 11 This method has been used widely in population studies of pain to measure pain location, 2 3 9 11 14 has been shown to have good reliability, 16 17 and to give a similar prevalence of pain to written questions. 18 The data from the scored manikins was used to identify those participants reporting pain or no pain in each of the following 16 sites: head, neck, chest, abdomen, shoulder, elbow, forearm, hand, spine, upper back, lower back, buttock, thigh, knee, calf and shin, foot.
Self-reported health measures 1. Anxiety and depression were measured using the Hospital Anxiety and Depression Scale (HADS).
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The 14-item HADS has two subscales, anxiety and depression, each comprising seven items scored 0-3, with a total score range from 0 to 21; if one item is unanswered in either the anxiety or depression subscale, it is substituted with the mean of the other six values that are present. 19 The HADS has been used widely in population studies of pain to measure anxiety and depression. 2 9 13 14 A review of the validity of the HADS concluded it performed well in screening for the separate dimensions of anxiety and depression, and caseness of anxiety disorders and depression, in non-psychiatric hospital clinic, general practice and psychiatric patients, and the general population. 20 The review found acceptable internal consistencies for anxiety (Cronbach's α 0.68-0.93) and depression (0.67-0.90), and evidence for a twofactor structure, 20 although some correlation between the two subscales existed. 20 21 2. Cognitive complaint (the perception of cognitive impairment) was measured using the Alertness Behaviour Subscale (ABS), one of the 12 domains in the Sickness Impact Profile (SIP). 22 The ABS contains 10 items describing alertness and ability to concentrate, to which respondents answer 'yes' or 'no'; higher scores represent worse cognitive complaint. The positive answers are weighted, summed and converted to a percentage. 9 22 A previous study has shown that responders aged ≥50 years with no cognitive complaint, that is, a score of 0 on the ABS, represent over 50% of this age population. 9 Since our aim was to investigate whether there were overall differences in cognitive complaint between the clusters, rather than classify individuals on the ABS, we took a statistical approach of categorising all positive ABS scores (1-100) into approximately equal size groups as in the previous study, 9 to represent mild, moderate, severe and very severe cognitive complaint. There is generally good evidence for the validity of the SIP in rheumatology studies. 23 Although the reliability of some subscales of the SIP are reported to have problems due to ceiling effects, 23 the reliability of the ABS has been shown to be acceptable (Cronbach's α 0.76) in musculoskeletal patients. 24 3. Sleep problems were measured using four questions regarding symptoms of poor sleep quality developed by Jenkins et al: 25 "Over the past 4 weeks, did you: (a) Have trouble falling asleep? (b) Wake up several times per night? (c) Have trouble staying asleep? (d) Wake up after your usual amount of sleep feeling tired and worn out?" Each question had three possible response categories: Not at all, On some nights and On most nights. This method has been used previously in several studies. 14 26-28 To examine the overall differences in the four sleep problems between the clusters, rather than classify individuals according to insomnia, each item was analysed individually as in previous studies. 13 26 Potential confounding factors Body mass index (BMI) was calculated from selfreported height and weight (weight (kg)/height (m) 2 ). Morbidities commonly associated with older age were counted (from 0 to 6) by asking participants if they suffered from any of the following six health problems: chest problems, heart problems, deafness, eyesight problems (excluding the need for glasses), diabetes or raised blood pressure. 12 These morbidities were used to investigate differences in health problems between clusters, rather than the specific nature of those differences; these morbidities represent one of a number of possible approaches to measuring comorbidity in groups and have been used in previous studies. 3 13 29 
Statistical analysis
The analysis included participants who provided complete pain data, defined as either 'yes' to pain in past 4 weeks question and shading on the manikin, or 'no' to pain in past 4 weeks question and no shading on the manikin. The demographic characteristics of those who provided complete pain data and those who did not were compared using χ 2 and one way analysis of variance (ANOVA).
Latent class analysis (LCA) was used to identify a substantive number of clusters with different combinations of 16 pain sites. LCA takes into account not only the number of sites of pain but also the location of the sites. In the same cluster, people were assumed to have similar combinations of pain sites and similar numbers of pain sites. 30 LCA models were fitted successively, starting with a one-cluster model and adding another cluster for each successive model. Model fit was assessed by Bayesian information criterion (BIC), the Lo, Mendell and Rubin (LMR) adjusted likelihood test 31 and manual inspection of bivariate residuals. 32 33 The smallest BIC value and a low proportion of bivariate residuals with values above 1.96 indicate good model fit, while the LMR test assesses whether adding one further cluster significantly improves the model fit. Cluster distinction was measured using cluster average posterior probabilities (AvePPs), where a value of above 0.7 represents clear separation. 34 We aimed to identify a simple but distinct classification. Accordingly, if statistical fit indices suggested complex models with diminutive improvement, and models with few clusters gave similar levels of cluster distinction, we would choose the model with the fewer number of clusters. For each cluster in the chosen LCA model, item conditional probabilities of pain sites give the probabilities that a participant in that cluster reported pain at specific site(s). These probabilities were examined to determine the cluster-specific characteristics of pain sites, with clusters labelled according to an arbitrary cut-off of probability of pain at each site of ≥0.5.
The distribution of pain clusters according to demographic factors and other health factors are presented as frequencies and percentages, or mean and standard deviation (SD), together with the number of participants with complete data for each variable of interest. χ 2 and ANOVA tests examined the strength of the associations between the pain clusters and all other measures. The median number of pain sites (and inter-quartile range (IQR)) within each pain cluster was calculated. The association of pain clusters with health factors overall, adjusted for age, sex, BMI and number of morbidities, was analysed using multinomial logistic regression models, presented as relative risk ratios (RRR) with 95% confidence intervals (CIs). Participants with complete data for all variables were included in the regression analyses. Uncertainty of cluster membership was taken into account by including each participant's posterior probability of being in the assigned cluster as a weighted measure.
All LCA models were estimated with 1000 randomly starting values via Mplus V.7.0. Statistical analysis was performed using STATA V.12.1 and IBM SPSS Statistics 20.0.0 (2011).
Multiple imputation was applied to assess the impact of missing data on the results of the multinomial logistic regression. Imputations were performed using the -icepackage in STATA statistical software (release 12.1; StataCorp LP), 35 and using the guidelines outlined. 36 
RESULTS
From the eligible study population, 13 986 people completed and returned NorStOP questionnaires, giving an adjusted response of 70.6% (figure 1 (5) . 5047 (73.0%) females reported at least one pain site compared with 3843 (69.9%) males ( p<0.001). There was no overall age difference in the reporting of pain between the sexes (mean (SD) age 66.7 (10.6) years in females vs 65.2 (9.7) years in males).
Positive ABS scores were defined as mild (1.00-12.65), moderate (12.66-24.61), severe (24.62-47.12) and very severe (47.13-100.00) cognitive complaint, with each category representing 25% of participants with a score between 1 and 100 on the ABS.
There was no statistically optimal model based on BIC and LMR tests. However, the magnitude of decrease in the log-likelihood and proportion of bivariate residuals over 1.96 lessened after extracting ≥6 clusters which suggested that extracting >5 clusters did not improve model fit substantively. When compared to the 5-cluster model, participants in the 4-cluster model generally displayed higher posterior probabilities of belonging to their assigned clusters (AvePPs ranging from 0.86 to 0.95 across the four clusters). Therefore, the 4-cluster model was preferred (table 1) . Table 2 shows the cluster-specific probability for having pain at each site, given membership of that cluster, for each of the four clusters. The first cluster (n=4537; 36.6%) had very low probabilities of pain at any site (<0.09), a median (IQR) number of pain sites of 0 (0) (ie, a no pain or low count of pain sites cluster) and was labelled Cluster 1. The second cluster (n=3904; 31.5%) had no probability of pain in the lower back, low probabilities of pain in any particular other site apart from the knee (0.56), and a median (IQR) number of pain sites of 3 (3); this medium count of pain sites (with no back pain) cluster, was labelled Cluster 2. The third cluster (n=2219; 17.9%) had high probabilities (0.72-0.90) of pain in the spine, lower back and buttock, with low probabilities of pain in any particular other site, and a median (IQR) number of pain sites of 5 (3); this medium count of pain sites (with back pain) cluster, was labelled Cluster 3. The fourth cluster (n=1748; 14.1%) had high probabilities (0.55-0.91) of pain at 12 of the 16 pain sites, a median (IQR) number of pain sites of 10 (3) (ie, a high count of pain sites) and was labelled Cluster 4. Average posterior probabilities were at least 86% for each cluster, indicating a low chance of misclassification.
Age was associated with cluster membership (table 3) . Younger (50-64 years) participants were more likely to be in Cluster 4, and those aged 65+ years were more likely to be in Cluster 2. Sex was also associated with cluster membership; females were more likely than males to be in Cluster 4 (ie, to have a high count of pain sites). Mean values for other characteristics (BMI, anxiety, depression, morbidities, cognitive complaint and sleep problems on most nights) were significantly higher in Cluster 4 ( p<0.001) than the two medium count clusters, in which the values for these other characteristics were generally similar (table 3) .
The complete case analysis and models based on imputed data yielded very similar coefficients (data available on request from RJL). The results from the complete case analyses are presented here. After adjusting for age, sex, BMI and number of morbidities, all health factors except depression, trouble falling asleep on most nights and trouble staying asleep on most nights were significantly associated with Cluster 2 (table 4) . Anxiety, depression, moderate cognitive complaint and three of the four sleep problems were significantly associated with Cluster 3. All health factors, except trouble staying asleep, were significantly associated with Cluster 4. In age-stratified analyses (age 50-64 and age 65+) overall results were similar to those for the complete case analysis, that is, in both age groups, health factors were associated with Clusters 2-4 and the strength of associations with Cluster 4 were stronger than with Clusters 2 and 3 (see online supplementary appendix, tables SA and SB). The main differences between the age groups were: (1) fewer health factors were significantly associated with Cluster 2 in those aged 65+ than age 50-64, (2) depression was significantly associated with Cluster 3 in age 65+ but not in age 50-64, and (3) some levels of cognitive complaint and some sleep problems were more strongly associated with Clusters 2-4 in those aged 50-64 than 65+, particularly waking feeling tired.
DISCUSSION
These results show for the first time that pain sites form four clusters in a population aged ≥50 years. Two dimensions to the clustering are apparent. The first is number of pain sites: low, medium and high. The significant differences in other characteristics (including emotion, cognition and sleep problems) between these three levels of number of pain sites confirm 'number of sites' as a distinctive dimension of pain. The second dimension distinguishes the two medium count clusters by a low or high probability of back pain; this is the only clustering influenced specifically by location, and is notable for the lack of any substantial differences between the 'no back pain' and 'back pain' medium count clusters with respect to emotion, cognition and sleep. This indicates that location is less important than number of sites as the basis for distinguishing clusters of pain in older people.
A previous study of a population aged ≥16 years used separate LCAs to identify pain sites that co-occurred with each of nine primary pain sites, rather than using a single LCA on all 16 pain sites as in our study, and stratified their data by age 16-44 and ≥45 years. 37 This makes it difficult to compare the studies and likely accounts for the differing results. Our results contrast with those from an LCA of 10 pain sites in a population of 18-79 year olds which found seven distinct pain classes. 10 One reason for this discrepancy could be that pain sites were reported in the past 7 days rather than in the past 4 weeks in our study. Another explanation could be age: the mean age was >50 years for only three of the seven pain classes in the previous study (regional lower musculoskeletal pain, widespread musculoskeletal pain and widespread whole body pain). 10 Their findings support our results that pain sites may form fewer clusters in older people compared with younger adults, and that location of pain sites may become less important with age than number of pain sites.
This study has several strengths. It was a large population study of community-dwelling older adults, 36% of whom were aged ≥70 and 12% of whom were aged ≥80 years. In a previous study of clustering of pain sites, 65-79 year olds represented only 14% of the study population and those aged ≥80 were not included. 10 Our study included a larger range of pain sites (0-16) than the previous study (0-10), which allowed a more precise estimate of the extent of pain experienced by our population. Pain manikins are widely used in population studies of pain, but can be subject to missing data; however, we have reported previously that the small number of participants who reported pain but did not shade pain on the manikin is unlikely to have influenced the results significantly. 3 There was a high response to our study, and less than 6% missing data on all measures used in the analysis. The health factors measured in this study are recognised markers of poor health and therefore allow for comparisons with other studies; indeed, our results support the findings from previous studies of populations including older people which have shown that the wider the extent of pain, the worse the reported sleep quality, general psychological health, cognitive decline and cognitive complaint. 7 9 38 39 We measured several potential confounders of the relationship between pain clusters and health factors, including morbidities such as diabetes, since they are common in those with multisite pain, 40 and of older age. Although morbidities were self-reported, the agreement between self-reported and medical record data has been shown to be good for diabetes, hypertension and some specific heart problems. [41] [42] [43] Unlike traditional clustering approaches (eg, cluster analysis), LCA groups participants together based on probabilistic modelling using finite mixture distributions; this yields a better set of statistical criteria for examining model fit and has been proven to have lower misclassification rates. 44 45 There are some limitations in this study. Respondents to the questionnaire were more likely to be female and older than non-respondents. Although this could affect the prevalence of pain, it is unlikely that the main associations between pain clusters and health factors would Table 2 Cluster-specific characteristics: the probabilities of reporting pain at each pain site in each cluster AvePP, average posterior probability for participants having membership of their assigned cluster. be affected; indeed, the effect may be offset by those with complete pain data being more likely to be male and younger. The current study was conducted in a more deprived area in terms of health, employment and education, but less deprived in housing and services, than in England overall, 13 which may limit the generalisability of the findings. The data in this study were cross-sectional, and therefore we cannot specify the direction of the associations. We did not assess physical health outcomes which have been shown to be associated with the extent of pain in older people previously. 1 2 46 47 A previous LCA of pain sites in 18-79-year 10 suggesting that this relationship is a topic for future investigation in older people. The blank manikin in this study may capture acute and chronic pain, which could underestimate the patterns and associations related specifically to chronic pain. However, there is evidence that a blank manikin captures pain of longer duration, more disability and worse severity than a preshaded manikin, 48 consistent with the characteristics of chronic, rather than acute, pain. Indeed, the assessment of pain duration and severity at each pain site is another potential focus for future study since severity 2 and duration 49 have been shown to be linked with extent of pain. Dueñas et al 49 identified two subgroups of people with pain using cluster analysis, one characterised by pain at ≥1 site and generalised pain of longer duration (mean age 58 years, SD 13.7), the other characterised by single site pain either in the back or the head and of shorter duration (mean age 55, SD 16.3). The first 'worse pain' subgroup may have some characteristics similar to those of Cluster 4 our study, and would support the hypothesis of longer pain duration being a feature of Cluster 4. However, it is difficult to directly compare the results because of differences in the age range (18 years and over) and fewer number of pain sites measured (6) in the Dueñas study. Lastly, there may be unmeasured confounders in this study; for example, we did not assess pain-relief medication which may have been a potential confounder in the relationship of pain with sleep, anxiety, depression and cognitive complaint.
This study provides further argument in favour of number of pain sites as a more important and useful classification of pain in people aged ≥50 years than a traditional regional pain approach based on location alone. 38 The observation that people with back pain might usefully be classified, for better assessment of their prognosis and better targeted treatment, into those with and without pain elsewhere, has been proposed before 50 and is supported by other previous research.
1 2 5 6 47 We have added to this by showing that, regardless of location, the number of pain sites provides the strongest clustering dimension and link with other markers of health. The core message from our study is that, by ignoring the extent of pain, clinicians and public health bodies are overlooking a potentially highly clinically relevant characteristic. We suggest that the four-cluster classification would be useful in primary care because, currently, one of the reasons for the lack of success in treating single site pain complaints in isolation is that the presence of pain at other sites is ignored. 50 A simple classification of individual patients with pain, based on the four-cluster pattern, could offer a practical approach to the common problem of older persons with multisite pain who present in primary healthcare with single-site pain. The impact of such a classification in practice would need to be tested in studies which directly assess the outcome of decisionmaking 51 based primarily on the number of pain sites. It may also be useful to investigate the hypothesis that the four clusters might correspond to the biological distinction between central and peripheral pain and may overlap with, but provide more distinctive classifications than, those based on location alone.
In conclusion, this unique classification of pain sites indicates that pain forms four clusters in a general population aged ≥50 years. Clusters are shaped primarily by number of pain sites (low, medium and high) but also by location (presence or absence of back pain) within the medium cluster. The number of clusters is lower than identified in previous research which means that these four clusters have potential for further investigation as a practical basis for improved clinical assessment and treatment of multisite pain in older primary care patients. This study provides strong evidence in favour of developing and testing simple classifications of pain in older people in general practice based primarily on the number of pain sites rather than a system driven by location alone.
